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Identification of six open reading frames
in the Salmonella enterica subsp. enterica ser. Typhi viaB
locus involved in Vi antigen production

H. Waxin, I. Virlogeux, S. Kolyva and M.Y. Popoff "

Unité des Entérobactéries, Unité INSERM 199, Institut Pasteur, 75724 Paris Cedex 15

The Vi antigen of Salmonella enterica subsp.
enterica ser. Typhi (herecafter referred to as
Typhi) is a capsular polysaccharide consisting of
a homopolymer of «-1,4 2-deoxy-2N-acetyl
galacturonic acid (Felix and Pitt, 1934). Deter-
minants of Vi antigen occupy two widely
separated chromosomal loci, designated viaA
and vigB. The viaB locus, specific to Vi-
expressing strains, maps at 92 min on the
chromgcsome of Typhi (Johnson et al., 1965).
Cloning and molecular analysis of this chro-
mosomal region were reported previously
(Hashimoto et al., 1991; Kolyva ef al., 1992).
Here we report on the nucleotide sequence of
a9.3-kb fragment located within the Typhi strain
Ty2viaB locus.

The dideoxy chain-termination method, us-
ing modified T7 DNA polymerase (‘‘Se-
quenase’’ ; USB Corp.) and universal forward
and synthetic primers, was employed after sub-
cloning of appropriate restriction fragments into
M13 derivatives (Messing and Vieira, 1982). All
the ends of r¢oiotion fragments used overlapped
one apother. DNA sequencing was performed
at least twice on both strands. Nucleotide se-
quence data were analysed using the Lipman-
Pearson program {Lipman and Pearson, 1985).
The sequence data have been submitted to the
EMBL data library and were assigned accession
no. X67785.
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(*) Corresponding author.

As shown in figure 1, examination of the
DNA sequence revealed six open reading frames
(ORF), termed: rvid (Typhi Vi), tviB, tviC,
wviD, tviE and tviF., All were transcribed in the
same orientation. Their description is reported
in table 1. Significant homology was detected be-
tween TviB protein and AlgD (Deictic ef al.,
1987), a GDP-mannose dehydrogenase of Pseu-
domonas aeruginosa (26 % identity and 71 %
similarity in 288 aminc acids overlap) and be-
tween TviC protein and StrE (Piscowotzki e al.,
1991), a TDP-glucose dehydratase of Strep-
tomyces griseus (28 % identity and 68 % similar-
ity in 326 amino acids overlap). A lipoprotein
signal sequence (Hussain e al., 1982) with a
potential cleavage site for signal peptidase II (see
fig. 1) was found in the TviF sequence. TviF pro-
tein shared significant homology to BexD (Kroll
et al., 1990) and CtrA (Frosch et al., 1991) pro-
teins (27 % identity and 72 % similarity in
280 amino acids overlap) which are involved in
capsule export by Haemophilus infiuenzae and
Neisserig meningiiidis, respeciively.

Studies designed to determine whether TviB
and TviC proteins are involved in the biosynthe-
sis, and TviF in the biogenesis, of the Vi anti-
gen are presently under way in our laboratory.

Key-words: Vi antigen, UKF, Sufiiciiclia ser.
Typhi; via® locus, Nucleotides, Sequencing ; Note.
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Table 1. Description of the six open reading frames identified within the 9.3-kb sequenced segment of the viaB

H. WAXIN ET AL.

locus.

Location (nucleotide)

Expected protein

Open reading frames from: te: aa mm
tviA 770 1306 179 21099
tviB 1554 2828 425 47612
wiC 2834 3877 348 39478
tviD 4285 6396 704 80402
tViE 6399 8132 578 64902
tviF 8180 9244 385 38877

aa = number of amino acids: mm = predicted molecular mass in dalton.

Identification de six phases ouvertes de fecture
dans le locus viaB impliqué dans la production
de I’antigéne Vi chez Salmonella enterica
subsp. enterica ser. Typhi

L’antigeéne Vi de Sa/monella enterica subsp. en-
terica ser. Typhi est un polyoside capsulaire dont I'ex-
pression est contrélée par les loci chromosomiques
viaA et viaB. La séquence d’un fragment (9,3 kb) du
focus viaB, qui est spécifique des souches produisant
I’antigéne Vi, a été déterminée. Six phases ouvertes
de lecture {2vid, tviB, tviC, tviD, tviE et tviF) codant
respectivement pour des polypeptides de 21.099,
47.612, 39.478, 80.402, 64.902 et 38.877 daltons ont
été mises en évidence. Sur la base des résuitats de
comparaison de séquence, les protéines TviB, TviC
et TviF pourraient &tre impliquées dans 1a biosynthése
et la biogénése de {’antigéne Vi,

Mots-clés: Antigén= Vi, ORF, Salmonella ser.
Typhi; Locus viaB, Nucléotides, Séquencage; Note.
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Fig. 1. Mucleotide sequence of a 9.3-kb fragment of the Salmonella ser. Typhi Ty2viaB locus.

_ The putative Shine-Dalgarno sequences are underlined. The cleavage site of the lipoprotein sig-
nal peptide at amino acid position 17 of TviF is indicated with a star. These sequence data were
assigned accession no. X67785 in the EMBL data library.
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2971 3001

T GTC ATT GGA CTG GAT AAC TTT TCC ACC GGT TAT CAG T AAT CTA
r Val Ile Gly Isu Rsp Asn Phe Ser Thr Gly Tyr Gln His Asn leu
3031 3081

TCC GTC AGT GAG GAG CAA TGG TCG CGA TTT ATT TTT ATT CAG GGT
s Ser Val Ser Glu Glu Gln Trp Ser Arg Phe Ile Phe Ile GIn Gly
3051 121

GAC ATC AGG AAA TTT ACT GAC TGT CAG AAA GCG TGT AAG ARC GTT GAC TAT GIT CTC CAC
Asp Ile Arg Lys Phs Thr Asp Cys Gin Lys Ala Cys Lys Asn Val Asp Tyr Val leu Ris
3151 3181

CAA GCC GCG CTA &0 AGC GTG CCR CGT TCC CTA ARG GAT CCC ATC GCG ACT AAT AGC GCC
Gln Ala Ala leu .. Zer Val Pro Arg Ser leu Lys Asp Prc Ile Ala Thr Asn Ser Ala
3211 3241

AAT ATT GAT GGT TTYT TTA AAT ATG TTG ACG GCG GCG AGA GAT GCT CAT GTC TCT AGT TTC
Asn Ile Asp Gly Phe ieu Asn Met Leu Thr Ala Ala Arg Asp Ala His Val Ser Ser Phe
271 3301

ACC TAC GCC GCA AGC AGT AGC ACC TAT GGA GAC CAT CCC GAT TTA CCT AAA ATT GAG GRA
Thr Tyr Ala Ala Ser Ser Ser Thr Tyr Gly Asp His Pro Asp Leu Pro Lys Ile Glu Glu
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kX3 3661
ARN AAT AAG GTL TAT AAT GTG GCA GTT GGA GAT AGA ACT TCG TTA AAT GAG CTT TAT TAT
Lys Asn Lys Val Tyr Asn Val Ala Val Gly Asp Arg Thr Ser Leu Asn Glu leu Tyr Tyr

3691 ke iyt
CTA ATT CGC GAT GGG CTT AAT TTA TGG CGG AAC GAA CAR AGT AGA GCT GAA CCA ATT TAT
lzu Tle Arg Rsp Gly Leu Asn Leu Trp Arg Asn Glu Gln Ser Arg Ala Glu Pro Ile Tyr

3751 37481
ARA GAT TTT CGT GAC GGT LAC GTT ARG CAT AGC CAG GCA GAT ATT ACC AAA ATA AAA ACA
Lys Asp Phe Arg Asp Gly Asp Val Lys His Ser Gln Ala Asp Ile Thr Lys Ile Lys Thr
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TTT CTT TCA TAT GAG CCT Cah TTT GAT ATC AAA GAA GGA CTIT ARG CAG ACT CTA AAMA TGG
Phe Leu Ser Tyr Glu Pr~ Clu Phe Asp Ile Lys Glu Gly Leu Lys Glnp Thr Leu Lys Trp

3871 3801
TAT ATC GAT MAR CAT ! T TTE TAT TCC TCG GTA TAA CTA CTC ACT TTC CTT TCA CGT
Tyr Ile Asp Lys Hiz Ser 'hr lea Tyr Ser Ser Val
3931 3561
GGA TGA ATT TAA TGR BAT ©LT CAG GGA TGT TTA CGC TTA CAG CCA TTG GCA GTT GCC GTA
3691 4021
TTG TGA GTC TGC Taa AR G CTC AGC CTT ATT TTA ATT 1TC AGG CAA ACT TTA AGA GAA
4051 4081
TAT ATG GTT TTA <oy “aA GCA GCG AGG CAT TAC AGC AGR TIC GGT TTA TTT TGG GCT
4111 4141
TGA TAG ACA TIC O7TC¢ » AGE TCC GAC CAT TTA TTT TYA GAC CTA ATG TARA ACT ATT CAA
4171 4201
ACA CCG ACG TAC ATH 410 STT CTG ATT TCT ATA TCA TTG AGA TTT CAA GIC AGE AGA AGA
4231 4261
TTA TGG CCT ATG GCT 07 GCT TAC AAA TAA ATT ATT Tah CTIC GTC ATT TCT ATG AAT TIT
tviD 4290 4320

TT AGC CAR BC AGAG CGC £U6 TGC ATG TAC TGG TCG TTG GCC ACG CAA GGA AAT CGA CAC
Met Tyr Trp Ser Leu Ala Thr Gln Gly Asn Arg His
4350 4380
AAAR CTU CTG GCZ TAT CTU ARA GAT GAT CCC TGT TIT GCC GGA ATG TCG GAA GAC GAT CGT
Lys leu Leu Ala Tyr le Lys Rsp Asp Pro Cys Phe Ala Gly Met Ser Glu Asp Asp Arg

367
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Ala

ATG

GIG
Val

ATC
Ile

CAG

Gln

GAC
Asp

GAG
Glu

CTT

CAG
Gln

GAA
Glu

TTA

GCA
Ala

TCA
Ser

TT6

GAT
Asp

ACG
Thr

CAT
His

ATT
Ile

CAA
Glin

ACC
Thr

AGC
Ser

ARA
Lys

TTA TTA AGC
leu leu Ser

GAA ATC GTT

Glu

ACT
Thr

GCC
Ala

AAA
Lys

GCG
Ala

{4
G

Gly
GCA
Ala
Gln

CAG
Gln

CGT
Arg

GAG
Glu

GCC
Ala

AAT
Asn

GGC
Gly

TIT
Phe

GCG
Ala

CAT
GCG

Ala

feated

Ale

TAC
TyE

ATG
Met

Ile

CGT
Arg

GCce
Ala

cGA
Arg

ATC
Ile

CGA
Arg

GAT
Asp

GAT
Asp

GCT
Ala

TGT
Cys

ATG

GAT
Asp

ccT
Pro

ARC
Asn

ATG
Met

CTC
leu

GAT
Asp

CTT
Leu

TCT
Ser

Gca
Ala

Val

GCT
Ala

AGG
Arg

GCC
Ala

GIT
Val

CAA
Gin

GGC
Gly

cece
Pro

TAT
Tyr

CGG
Arg

ATG
Met

GCT
Ala
Glu
GCA
Ala
Glu

GAG
Glu

ACC
Thr

TGG
Trp

AAT
Asn

CAG
Gln

GGA
Gly

ATG
Met

CT6
Leu

GCG
Ala

GAG
Glu

GAC
Asp

GTT
Val

CAG
Gln

CTG
Leu

CIT
Leu

TTA
Leu

ACT
Thr

T8
Phe

ACG
Thr

CAG
Gln

GGT
Gly

Thr

TIT
Phe

cee
Arg

ATC
Ile

CIT
Leu

ACC
Thr

GAT
Asp

GARA
Glu

GCT
Ala

BAA
Lys

ATT
Ile

CTA
leu

GAT
Asp

AGG
TCC
Ser
CaG
Gln
Gln
cT
Ser
Ala

CTA
Leu

cTC
Leu

TCG
Ser
CAT
His

ATG
Met

GAT
Asp

AAT
Asn

CTT
Leu

GTC
val

ATT
Ile
Lys

ATT
Ile

CAG
Gln

ATT
Ile

ATC
Ile

ATT
Ile

TCT
Ser
Asn

CTG
Leu

AGC
Ser

GARA
Glu

TTA
Lleu

cre
Leu

GTT
Val

TAT
Tyr

TCe
Ser

GTT
val

Lys

GIC
Val

GGT
Gly

ATT
Ile

cce
Pro
Asn

TI7T
Phe

GAC
Asp

GCT
Ala

CAA
Gln

AGT
Ser

CTA
leu

GAA
Glu

TTT
Phe

GGA
Gly

GCT
Ala

TCT
Ser

CGC
Arg

ATC
Ile

ARA
Lys
GIT
Val
TAT
Tyr

TTA
Lleu

4410
GAG CAG
Glu Gln

4470
CGC GAT
Arg Asp

4530
CTA TCC
leu Ser

4590
TGC GTT
Cys Val

4650
GGC GAC
Gly Asp

4110
AAG GGA
Lys Gly

4710
CAA ATC
Gln lle

4830
GCA TCA
Ala Ser

4830
CTT CGG
Leu Arg

4950
GAT GIT
Asp Val

5010
CAT GGA
His Gly

5070
ATT GAA
Ile Glu

5130
GAT ARG
Asp Lys

5190
TGG GTT
Trp Val

5250
TTC CAT
phe His

5310
TTG GCA
Leu Ala

5370
CAT GAG
His Glu

5430
CGC aACA
Arg Thr

5490
GAT AAA
Asp Lys

5550
GAT GAT
Asp Bsp

5610
£CC CAT
Pro His

5670
AGA GAA
Arg Glu

ATG
Met

cGe
Arg

CGT
Arg

AAC
Asn

GAT
Asp

GTG
Val

AGT
Ser

CAA
Gln

Tce
Ser

GAG
Glu

TTA
leu

GAT
Asp

TCA
Ser

AAT
Asn

GCC
Ala

ATC
Ile

TCA
Ser

GCT
Ala

ATC

Ile k

T
Phe

TCA
Sexr

ATG
Met

GAT
Asp

GTT
Val

AGT
Ser

CCG
Pro
Leu

ATC
Ile

GAG
Glu

CAR
Gln

GTA
val

1ys

GCG
Ala

GAA
Glu

TAT
Tyr

T7¢
Phe

GGC
Gly
Lys

GAA
Glu

TTC
Phe

GAG
Glu

ATG
Met

CGG
Arg

ACA
Thr

ACT
Thr

AAT
Asn

ATT
lle

CTT
leu

ATC
Ile

ATT
Ile

CGT
Arg

GAA
Glu

CAT
His

CTG
Leu

ATT
Ile

TTC
Phe

TTT
Phe

TGC
Cys

GAC
Asp

es:y

CAT GCT ATC

His

7T
Phe

TG
Leu

AAT
Asn

CAT
His

AAT
Asn

ACC
Thr

TTT
Phe

TTC
Phe

ATC
Ile

TGG
Trp

GTC
val

TAT
Tyr

AGC
Ser

Gin

AGT
Ser

GCG
Ala

ATC
ile

GTT
Val

Ser Leu

ATT
Ile

GAG
Glu

CGT

Ala

ATG
Met

ATT
Ile

TT6
Leu

TAT
Tyr

ACT
Thr

TTA
Leu

GCC
aAla

AGC
Ser

GGT
Gly

CGG
Arg

CTT
Leu

TGG
Trp

AGC
Ser

TCG
Ser

GAT
Asp

CTG
Leu

AMNG
Lys

TTT
Phe

GAG

Arg Glu

Ile

ACA
Thr

Lys

ATG
Met

ACC
Thr

AAT
Asn

TCG
Ser

GCA
Ala

CAT
His

ACG
Thr

GAA
Glu

ACC
Thr

Lys

ACG
Thr

CAG
Gln

GAA
Glu

ACG
Thr

AAT
Asn

GAG
Glu

ACT 1

Thr

7
Phe

GAT
Asp

GAA
Glu

CAT
His

AAT
Asn

GAA
Glu

GAT
Asp

CAT
His

ATC
Ile

TTA
Leu

TTA
Lew

ACT
Thr

GCC
Ala

GTT
Val

CGT
Arg
CAA
Gln
CGC
Arg

6
Leu

GTA
Val

TAT
Tyr

CAG
Gln

GTT
val

GTC
val

AAG
Lys

ATG
Met

caT
His

ACT
Thr

AGA
Arg

GGT
Gly

GAC
Asp

TTA
leu

GeC
Ala

GTA
Val
TAT
Tyr

CTA
Leu

ATT
Ile

TG
Leu

AGC

Ser

GAA
Glu

4440
GAT ATG
Asp Met

4560
GAT GCC
Asp Ala

4560
GAC RCC
ksp Thr

4620
TGG GGG
Trp Gly

4680
TIT GGT
Phe Gly

4740
CTT GAT
leu Asp

4800
AAG CAG
Lys Gln

4860
AART CAG
Asn Gln

4920
TAT TAT
Tyr Tyr

4980
AGT ACA
Ser Thr

5040
TCG ACG
Ser Thr

5100
GCC GGC
Ala Gly

5160
CTA TTA
leu leu

5220
TTC AAT
Phe Asn

5280
AAT GAT
Asn Asp

5340
TTC ATG
Phe Met

5400
TCG ACG
Ser Thr

5460
TAT CAT
Tyr His

5520
AAC AAT
Asn Asn

5580
GUC TAT
Ala Tyr

5640
GAA GTT
Glu val

5700
AAT ATC
Asn Ile



CTG

6T
Cys

ACC
Thr

CAT
His

TCA
Ser

AGA
GTA
Val

CAA
Gln

GAA
Glu
Lys

CAG
Gln

ATA
Ile

TTA

GIT
Val

GCA
Ala

GCA
Ala

TG
Leu

ATT
Ile

TTC
Phe

el
Ala

TG
Leu

ATT
Ile

CAT
His

TAT
Tyr

CGA
Arg

AcC
Thr

GCT
Ala

GCG
Ala

Ala

ATT
Ile

CTA
Leu

BGA
Arg

GGG
Gly

AGA
Arg

ATT
Ile

AAC
Asn

CAG
Gln

CTT
Leu

ATT
Ile

ATC
Ile

CTA
Leu

~ce
Ala

TG
Leu

GCA
Ala

GCA
Ala

TTA
Leu

GAG
Glu

GCA
Ala

GCC
Ala

AAT
Asn

ATC
Ile
Asn
TCG

Ser

Lys

GCG
Ala

ACG
Thr

CGT
Arg

ARC
Asn

ART
Asn

Lys

AGC
Ser

AGA
Arg

GAC
Asp

GCA
Ala

CAG
Glu

TTA
Leu

CTA
Leu

ATT
Ile

T
Phe

CaA
Gln
Lys

TAT
Tyz

[y
Pro

CTA
leu

TAT
Tyr

AAA
Lys

CTG
leu

AAC
Asn

ATT
Ile

GCC
Ala

TAT
Tyr

CTG
Leu

TTA
Leu

TAT
Tyr

TTA
Leu

Lys

CAA
Gln

GGA
Gly

GAC
Asp

CTT
Leu

AAC
Asn

GAT
Asp

TTA
Leu

GTG
Val

g Gln

GGT
Gly

elels
Arg

ATA
Ile

GTG
Val

e
Ser

cCG
Pro

TCA
Ser

GTA
Val

Lys

TTT
Phe

GCG
Ala

AAT
Asn

WG
val

Lys

Lys

AGT
Ser

CAT
His
AAT

Asn

GCT
Ala
GGC
Gly

GGG
Gly

cca
Pro
AGC
Sex

CAA
Gln

AAC
Asn

TIC
Phe

ATG
Met.

cGC
Arg

CGA
Arg

AAT
Asn

Lys

aen
2la

AAT
Asn
Asn
ACG

Thr

Glu

GAT
Asp

GAT
Asp

CAG
Gln

AAA
Lys

ACC
Thr

AGG
Arg

GGT
Gly

ARG
Lys

166
Trp

CTT
Leu

ATT
Ile

CTC
Leu

ARC
Asn

CAG
Gln

ATT
Ile

GAG
Glu

Lys
ATG
Met

GGA
Gly

ACA
Thr

TGT
Cys

TTA
Leu

GTC
val

GAA
Glu

CTA
Leuw

ATA
Ile

ARC
Asn

CAG
Gln
GGT
Gly

GGG
Gly

5730
CCA CTT
Pro Leu

5790
GGT GCC
Gly Ala

5850
ACC AGC
Thr Ser

5910
ATT GAT
Ile Asp

5970
ARG TTG
Lys Leu

€030
AAG AAA
Lys Lys

6090
GAG CCT
Glu Pro

6150
TCA CGG
Ser Arg

6210
TTA CTC
Leu Leu

6270
CAT TTA
His Leu

6330
CCA ACG
Pro Thr

6390
TCA GGG
Ser Gly

6449
TTA ACA
Leu Thr

6509
CCG ACT
Pro Thr

6569
ART GAA
Asn Glu

6629
GCA CGT
Ala Arg

6689
ATT CTT
Ile leu

6749
AAT AAG
Asn Lys

€809
ACC TGT
Thr Cys

6863
CTT ¢Ce
leu Pro

6329
GCA GAG
Ala Glu

€989
ARR NTT
Lys Ile

CTG
Leu

TGG
Trp

CTG
Leu

TTG
leu

TTT
Phe

ACT
Thr

GAT
Asp

AAG
Lys

GTIT
Val

cGC
Arg

GAG
Glu

ARG
Lys

TTA
leu

GAG
Glu

ACG
Thr

TAT
Tyr
Lys

ATC
Ile

ATT
Ile

GQTC
Val

cGT
Arg

GGEC
Gly

1y

AMNG
Lys

Lys

CAG
Glin

ATT
Ile

GAG
Glu

GAA
Glu

GTT
val

GAT
Asp

T
Phe

GAC
Asp

[<ee]
Pro

TCG
Ser

APA
Ly=

Get
Ala

GAG
Glu

GAG
Glu

AAG
Lys

TGT
Cys

ATT

ile ?

666
Gly

ChG
Gln

GG
Gly

TTT
Phe

GCT
Ala

Lys

GGG
Gly

TCT
Ser

GGC
Gly

GAT
Asp

TAC
Tyzr

GTG
val

GAT
Asp

GCG
Ala

ATT
Ile

AAC
Asn

GAG
Glu

CGT
Arg

CGT
Arg
GGT
Gly

AGC
Ser

ACG
Thr
ACA
Thr

tviE
TA ATG ATT ACG CAG GAA GAA AAG
Met Ile Thr Gin Glu Glu Lys

cce
Pro

e
Cys

ATG
Met

GIC
Val

ey
Cys

CIG
Leu

CTG
Leu

AGC
Ser

GAA
Glu

CAG
Gln

AGG
Arg

CAM GAG AAG

Gln

TIA
leu

CGT
Arg

TAT
Tvr

GTT
Val

GAT

Asp

GCH

KTT
ile

<TG
Leu

Glu

ACT
Thr

GCA
Ala

GCA
Ala

T

the G

e
Sur

AR
Lys

Lys

TCA
Ser

TAC
Tyr

CGT
Arg

AAT

c Asn

CTT
leu

ARG
iys

GGT

GTA
val

GTT
val

ACG
Thr

TTA
Leu

ATG
Met

oGe
Arg

GAT
Asp

ATG
Met

ACT
Thr

AAT
Asn

GCT
Ala

CAG
Gln

GGC
Gly

TG
Leu

cGe
Arg

AGC
Serx

AAT
Asn

GAR
Glu

cGT
Arg

ATC
Ile
REla

TTG
Leu

ATC
Ile

AcC
Thr

GCC
Ala

AGC
Ser

ATT
Ile

GIT
val

GCA
Ala

GAA
Glu

ACG
Thr

TAT
Tyr

CAG
Gln

TCG
Ser

AAG CTT GCG

Lys

TTA
Leu

GLG
Ala

CoT
Arg

ST
Gly

GAA
Glu

CAT
His

CeT

; Arg

CrG

len

GAA
Glu

Leu

GCG
Ala

cre
i~

TTA
g

[ryie]
Val

fotels
Arg

oo
Ala

cre
Leu

GLT
Ala

GRA
Glu

Ala

ATG
Met

TAL
Tyr

TAT
Tyr

CAG
Gln

AT
Ile

atue

Bre

5760
GTA TAT
Val Tyr

5820
CAC ATS
His Met

5280
ATA CGT
Ile Arg

5940
ACT CTA
Thr leu

6000
GCA ACC
Ala Thr

6060
TG TCT
leu Ser

6120
TAT AAG
Tyr Lys

6180
TCT TAT
Ser Tyr

6240
GCC TTG
Ala leu

€300
TAT TGG
Tyr Trp

6360
ACC TGC
Thr Cys

6419

6479
CAA GCT
Gln Ala

6539
CTA AAA
Leu Lys

6399
GAA ACG
Glu Thr

E659
AAT ACG
Asn Thr

6719
AAA ARA
Lys Lys

&778
GAA GGG
Glu Gly

6839
76 TTC
ey Phe

6898

» QIC 16T

Leu Cys
£359
1hs ATC
Giw ile
g
GTA €%
Val i
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7049 7072
CTA ATT ATT CGC TCC CTG ACA CCG GAA CTC AGG CAA GAC TTT TTC CTG AAA GAA GIG CTG
Leu Ile Ile Arg Ser Leu Thr Pro Glu Leu Arg Gln Asp Phe Phe Leu Lys Glu Val Leu
709 7139
GAA GAA CAG GTC GAG GTT CTT GAA ATC GCG AAG ATT ACC GGA AAC TTG TTT GAC GAT GCG

Glu Glu Gln Val Glu Val leu Glu Ile Ala Lys Ile Thr Gly Asn Leu Phe Asp Asp Ala
7169 7199

ACA ATA GAA TCT CCA GAG TTG CGC TTA TTG CTA TCG CAT CTA CCG CCG GTG TGT AARA TAC
Thr Ile Glu Ser Pro Glu leu Arg Leu Leu leu Ser His leu Pro Pro Val Cys Lys Tyr
7229 7259
GGC ATC BAG CAT CTG GTC CCC CAT TTA TGC GAG CGC AAG CTG GAT TAT CTC TCC GTT TIGG
Gly Ile Lys His Leu Val Pro His Leu Cys Glu Arg Lys Leu Asp Tyr leu Ser Val Trp
7285 7319
CAG GAT GGC GCT TGT CTG ATG ATT GCG CTT GCA GCA TTG ATT GCT GGC GTG CCC AGA ATT
Gln Asp Gly Ala Cys Leu Met Ile Ala lLeu Ala Ala leu Ile Ala Gly Val Pro Arg Ile
1349 7379
CAA CTG GGA TTA CGT GGG TTA CCG €CG GTIG GTT AGA AAG CGT CTG TTC AAG CCG GAA TAT
Gln leu Gly Leu Arg Gly Leu Pro Pro Val Val Arg Lys Arg Leu Phe Lys Pro Glu Tyr
7409 7439
GAG CCT CTC TAC CAG GCG CTG GCG GTC GTG CCT GGC GTT GAT TTT ATG AGT AAC AAC CAT
Glu Pro Leu Tyr Gln Ala Leu Ala Val Val Pro Gly Val Asp Phe Met Ser Asn Asn His
1479 7499
TCT GTC ACT CGC CAT TAT GCC GAC TGG CTG AAG TTG GAG GLG AAC GAC TTC CAG GTT GTA
Cys Val Thr Arg His Tyr Ala Asp Trp leu Lys Leu Glu Ala Asn Asp Phe Gln Val Val
7529 755%
TAT AAC GGC GTC TTA CCG CCA TCT ACT GAA CCC TCT TCT GAG GTG CCA CAT ARAA ATC TGG
Tyr Asn Gly Val Leu Pro Pro Ser Thr Glu Pro Ser Ser Glu Val Pro His Lys Ile Trp
758% 7619
CAG CAG TIT ACG CAA AAAR ACC CAG GAT OCG GAC ACG ACT ATT GGT GGC GTT TTC CGC TTT
Gin Gln Phe Thr Gln Lys Thr Gln Asp Ala Asp Thr Thr Ile Gly Gly Val Phe Arg Phe
7649 7679
GTA GGC GAT AAG ARC CCT TIT GCA TGG ATT GAT TTT GCA GCA CGC TAT TTA CAA CAC CAC
Val Gly Asp Lys Asn Pro Phe Ala Trp Ile Asp Phe Ala Ala Arg Tyr leu Gln His His
7708 7739
CCC GCC ACG CGC TTT GIG CTG GTA GGC GAT &GT GAT TTA CGC GCT CAA GCG CAG AAA CGC
Pro Ala Thr Arg Phe Val Leu Val Gly Asp Gly Asp leu Arg Ala Glu Ala Gln Lys Arg
7769 7799
GCC GAA CAG TTA GGG ATT CTG GAG AGA ATA CTA TTC GTT GGC GCC TCG CGT GAC GTA GGG
Ala Glu Gln Leu Gly Ile Leu Glu Arg Ile Leu Phe Val Gly Ala Ser Arg Asp Val Gly
7829 7859
TAT TGG CTG CAA AAA ATG AAT GTA TTC ATT TTG TTT TCG CGT TAT GAA GGG CTA CCT AAT
Tyr Trp Leu Gln Lys Met Asn Val Phe Ile Leu Phe Ser Arg Tyr Glu Gly Leu Pro Asn
7889 7919
GIG CTT ATT GAA GCA CaA ATG GTC GGG GTG CCG GTG ATT TCA ACC CCT GCA GGT GGA TCG
Val Leu Ile Glu Ala Gly Met Val Gly Val Pro Val Ile Ser Thr Pro Ala Gly Gly Ser
7949 7979
GCA GAA TGC TTT ATT GAG GGT GTIT TCG GGT TTC ATT CTT GAT GAT GCA CAG ACG GTC AAT
Ala Glu Cys Phe Ile Glu Gly Val Ser Gly Phe Ile Leu Asp Asp Ala Gln Thr Val Asn
8009 8039
CTT GAC CAG GCT TGC CGC TAT GCA GAR AAG TTG GTC AAT TTA TGG CGC AGC AGA ACC GGT
Leu Asp Sln Ala Cys Arg Tyr Ala Glu Lys Leu Val Asn leu Trp Arg Ser Arg Thr Gly
8069 8039
ATT TGC CABR CAG ACG CAG TCA TTT TTA CAA GRA CCC TTC ACC GTG GAA CAT ATG GTG GGA
Ile Cys Gln Gln Thr Gln Ser Phe Leu Gln Glu Arg Phe Thr Val Glu His Met Val Gly
8129 8160
RCG TTT GTA AAA ACC ATT GCC TCT CAG CCT CGT TAA TTA ATG GGC ATC ATT TTT CAG CTAT
Thr Phe Val Lys Thr Ile Ala Ser Gln Pro Arg
tviF 8191 8221
TTCA TTT ATA AAA TAA GTT ATG AAA ARA ATC ATC ATA TTA CTA ACG ACA TTT TTC CTG CTT
Met Lys Lys lle Ile Ile leu Leu Thr Thr Phe Phe leu leu
* 8251 8281
TCG GGA TGC ACT ATT CCC AGG GCG GTA TIT AAA TCC AGC CTT ATT AAT CAG GAC GAT CCT
Ser Gly Cys Thr Ile Pro Arg Ala Val Phe Lys Ser Ser Leu Ile Asn Gln Asp Asp Pro
8311 3341
CGT TAT AAT CTG GTC GARA GTC ACG CCG ACA TTA BAA CTA AGC GCT CCC GAT ACT GTG CCG
Arg Tyr Asn Leu Val Glu Val Thr Pro Thr Leu Lys Leu Ser Ala Pro Asp Thr Val Pro



GTG
val

ATC
Ile

CAG
Gln

ACA
Thr

GAT
Asp

CGT
Arg

[ov1)

ART

Asn

CAG
Gln

AGC
Ser

CCT
Pro

Lys

ACC
Thr

AGT
Ser

GAT
Asp

ATT
Ile

CAA
Gln

GIT
Val

CTT
leu

CAG
Gin

GCG
Ala

GAT
Asp

TAA

ATT
Ile

GTG
Val

GGC
Gly

TAT
Tyr

ARG
Lys

GGA
Gly

ATG
Met

GCC
Ala

ATG
Met

CAG
Gln

T
Phe

TGT

GIC
val

CGA
Arg

GCC
Ala

AAT
Asn

ATG
Met

CAG
Gln

ACC
Thr

CGT
Arg

GAT
Asp

CGT
Arg

GCC
Ala

GCT
Ala

CGC

GAT
Asp

CAT
His

CGT

Arg

GGG
Gly

CIT
Leu

ATG
Met

CGT
Arg

GAA
Glu

TAT

CAT
His

cCG
Pro

AAG
Lys

ATA
Ile

ARG
Lys

CAT

CCG
Pro

ATC
Ile

GTG
val

CIG
Leu

GTIT
Val

ccc
Pro

TAT

Tvr

T<cC
Ser

CAA
Gln

CTG6
Leu

CGA
Arg

GTG
Val

ATG

GTT
Val

Thr

cGC
Arg

ACG
Thr

AGT
Ser

CAC
His

GTT
Val

AGC
Ser

GCG
Ala

PAT
Asn

GTG
Val
Lys

AAT

T
Phe

GI7T
Val

GTC
Val

CAT
His

GTG
Val

TG
Leu

AAT
Asn

GTC
Val

ATT
Ile

ATC
Ile

GAC
Asp

GCC
Ala

ATT

837
GCC GCA
Ala Ala

8431
TTA TCC
Leu Ser

8491
GAA AAT
Glu Asn

8551
GIT 7CT
Val Ser

8611
GTC CTG
Val leu

8671
GAG GGC
Giu Gly

8731
CTT TTG
leu leu

8791
ACG CGC
Thr arg

8851
GAT ATT
Asp Ile

8911
GTG CTC
Val leu

8971
GTG GRT
Val Asp

2031
TTT CTG
Phe lLeu

9091
TAT CAY
Tyr His

8151
AAC G5C
Asn Gly

2211
GCA TTC
Ala Phe

8271
TTG AAR

ART
Asn

el
Ser

ATT
Ile

GGA
Gly

AAT
Asn

AGC
Ser

GCA
Ala

CAG
Gln

GCC
Ala

GGC
Gly

GCT
Ala

py:led
Tyr

GIC
Val

GAT
Asp

GAT
Asp

AAT

cCT
Pro

GGG
Gly

ACG
Thr

CAG
Gln

TTA
leu

GCA
Ala

T1G
Leu

ARG
Lys

GAT
Asp

GTT
val

AGC
Ser

AAT

GIG
Val

GAT
Asp

CAG
Gln
Lys

GCA
2la

CAT
His

CAG
Gln

GCA
Ala

CAT
His

ATG
Met

ATC
Ile

TTT
Phe

cT

CAC
His

Ala

ACT
Thr

GTG
val

GTG
Val

ACG
Thr

GIG
Val

TAT
Tyr

CCG
Pro

GGT
Gly

cTC

LA

AAC
Asn

AGC
Ser

TAT
Tyr

TT6
Leu

jred
Trp

GGA
Gly

GAC
ACG
Thr

ATT
Ile

GGT
Gly

GCA
Ala

TTC
Phe

GAT
Asp

GTT
Val

GCG
Ala

GAA
Glu

CAA
Gln

ATC
Ile

ACC
Thr

TAT

Thr

TAT
Tyx

AGT
Ser

CHA
Gln

GTG
Val

GTA
val

ACT
Thr

GAC
Asp

CAG
Gln
Lys

GCG
Ala

cCcT
Pro

TCG
Ser

[aleted
Arg

T

CTG
ACA
Thr

TAC
Tyr

GAA
Glu

GCG
Ala

CGT
Arg

GGG
Gly

GGA
Gly

GAA
Glu

AAC
Asn

AAC
Asn

GGC
Gly

ATG

TIG
Leu

TCC
Ser

ACC
Thr

GCT
Ala

cTT
Leu

ccr
Pro

AT
Asn

CGA
Arg

ATC
Ile

Lys

TTA
Leu

CAG
Gln

TG
Ser

GCC
Ala

ACT
Thr

AAMA

8401
GCT AAA
Ala Lys

8461
AAT AAC
Asn Asn

8521
GTT CAG
Val Gln

8581
GAT GAG
Asp Glu

8641
ACC GCC
Thr Ala

8701
CTC GARA
Leu Glu

8761
ACC AGC
Thr Ser

8821
CIG TCA
Leu Ser

8881
ACT CIG
Thr Leu

3941
CAT GUT
His Ala

2001
AAT GAC
hsn AsSp

206l
GCG AAA
Ala Lys

121
GTG TIT
val Phe

9181
TCT TTG
Ser leu

az41
AAT TOT
Asn Ser

9301
CTC ATT

371



